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ABSTRACT 

For water samples collected during the 1980 intensive surveillance of Lake 
Huron, a number of conclusions can be drawn. Total silver concentrations were 
higher in the epilimnion than the hypolimnion. Total cobalt concentrations 
exhibited no consistent vertical trend. In general, chromium concentrations 
were highest in the epilimnion. Total copper, manganese, iron, and arsenic were 
always highest at or above the thermocline. Metals consistently higher in 
concentration above the thermocline than below it are most likely high as a 
result of input to the lake. The horizontal variation of total metal 
concentrations from month to month were quite variable. Iron was always highest 
in southern Lake Huron and copper and manganese were highest in the North 
Channel for a limited number of observations (2 out of 3). 

Total metals exhibited some variation with time. Silver, arsenic, cobalt, 
chromium, copper, iron, and manganese were highest in April 1980 in Georgian 
Bay. Metals showing a continuous decrease between April and July in Georgian 
bay include silver, cobalt, copper, iron, and manganese. In the North Channel, 
arsenic and cobalt were highest in mid-May. Silver, chromium, and iron were 
lowest in July. In general, highest total metal concentrations occurred in 
April and May for most metals. This may be associated with the spring melt and 
runoff. 

The 1978 Water Quality Agreement objective for mercury was exceeded twice 
during 1980. This was most likely a result of sample contamination. 

Because of the quality of historical data, predicting trace metal trends is 
difficult. Improvements in instrumentation and methodology has lowered 
detection limits and the amount of sample contamination. Thus, metals which 
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appear to be decreasing in concentration may appear so only because of the 
advancement of the science. The following trends are to be considered only 
tentative, A number of metals appear to be decreasing in concentration. These 
include dissolved arsenic, total cadmium, dissolved cadmium, dissolved copper, 
total lead, dissolved lead, total nickel, dissolved nickel, total zinc, and 
dissolved zinc. Total cobalt and total vanadium concentrations appear to have 
increased. 



INTRODUCTION 

As part of the intensive surveillance of Lake Huron during 1980, water 
samples for trace metal analysis were collected. Two sets of samples were 
collected. The first set was collected during the first four cruises. Samples 
were collected from a depth of 1 meter during the periods of April 13-16, May 
16-21, May 29- June 5, and July 25-30. The stations collected during each cruise 
are listed in Table 1, and the locations are shown in Figure 1. At a few 
stations during the May 29- June 5 cruise, samples were collected at varying 
depths. All samples collected were analyzed for total metals only. 

The second set of samples was collected during the July cruise. The 
samples were collected from 1 meter water depth at the stations shown in 
Figure 2. At each station, total metal, particulate metal (>0.5 ym diameter), 
and dissolved metal (<0.5 \xm diameter) samples were collected. The methodology 
of collection, filtration, analysis, and data reduction are described in detail 
by Rossmann (1982). Comparisons of metal concentrations for different time 
periods and locations are done by comparing medians. Median was chosen as the 
best way to remove the large influence of outlier data points. 

The first set of samples was analyzed at the United States Environmental 
Protection Agency Region V Central Regional Laboratory (CRL). The analyses were 
done by a contractor (MAR) using the method of standard additions with graphite 
furnace atomic absorption spectrophotometry. The second set of samples was 
analyzed at The University of Michigan Great Lakes Research Division 
Geochemistry Laboratory (GLRD) using the method of a standard curve graphite 
furnace atomic absorption spectrophotometry with background correction. The 
analyses were done under contract with the United States Environmental 
Protection Agency Great Lakes National Program Office. 
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Table 1. Trace metal sampling locations during 1980. 





Station 
















May 29- 




Number 


Latitude, °N 


Longitude, °W April 13-16 May ; 


16-21 June 5 


July 25-30 


1 


43' 


°05 


'24" 


82 


°23 


•30" 


X 






2 


43 


11 


24 


82 


17 


54 


X 






3 


43 


15 


25 


82 


02 


18 


X 






4 


43 


19 


30 


81 


47 


18 


X 






5 


43 


32 


54 


81 


44 


42 


X 






6 


43 


28 


00 


82 


00 


00 


X 






7 


43 


20 


30 


82 


30 


24 


X 






8 


43 


34 


00 


82 


29 


06 


X 






9 


43 


38 


00 


82 


13 


00 


X 






10 


43 


45 


12 


81 


46 


54 


X 






11 


43 


57 


24 


81 


47 


12 


X 






12 


43 


53 


24 


82 


03 


24 


X 






13 


43 


45 


12 


82 


34 


06 


X 






14 


43 


56 


30 


82 


40 


00 


X 






15 


44 


00 


00 


82 


21 


00 


X 






16 


44 


07 


54 


82 


45 


00 


X 






17 


44 


06 


00 


82 


52 


00 


X 






18 


44 


07 


25 


83 


10 


15 


X 






19 


44 


09 


00 


82 


58 


00 


X 






20 


44 


13 


00 


83 


05 


00 


X 






21 


44 


16 


00 


83 


12 


00 


X 






22 


44 


12 


40 


83 


22 


40 


X 






23 


44 


20 


00 


83 


18 





X 






24 


44 


16 


00 


82 


55 


00 


X 






25 


44 


23 


00 


83 


16 


00 


X 






26 


44 


20 


00 


83 


05 


00 


X 






27 


44 


11 


54 


82 


30 


12 


X 






28 


44 


12 


18 


81 


40 


36 








29 


44 


22 


00 


81 


50 


00 


X 






30 


44 


28 


00 


81 


27 


12 


X 






31 


44 


51 


00 


81 


36 


00 


X 






32 


44 


27 


12 


82 


20 


30 


X 






33 


44 


30 


00 


82 


50 


00 








34 


44 


38 


24 


83 


13 


54 


X 






35 


44 


51 


00 


83 


15 


42 


X 






36 


45 


02 


06 


83 


22 


42 


X 






37 


44 


45 


42 


82 


47 


00 


X 






38 


44 


44 


24 


82 


03 


26 








39 


44 


39 


24 


81 


22 


42 


X 






40 


44 


53 


54 


81 


26 


12 


X 







(continued) 



Table 1. Continued. 



Station 

Number Latitude, 



°N Longitude, °W April 13-16 May 16-21 



May 29- 

June 5 July 25-30 



41 


45°05' 


00" 


81 e 


'32' 


18" 


X 




42 


45 13 


18 


81 


49 


12 


X 




43 


45 00 


48 


82 


00 


30 






44 


45 01 


00 


82 


41 


06 






45 


45 08 


12 


82 


59 


00 


X 




46 


45 04 


48 


83 


14 


00 


X 




47 


45 15 


18 


83 


20 


48 


X 




48 


45 16 


42 


82 


27 


06 


X 




49 


45 24 


48 


81 


55 


06 


X 




50 


45 32 


06 


82 


02 


42 


X 




51 


45 32 


00 


82 


16 


48 


X 




52 


45 39 


06 


82 


38 


54 


X 




53 


45 27 


00 


82 


54 


54 


X 




54 


45 31 


00 


83 


25 


00 


X 




55 


45 23 


30 


83 


39 


06 


X 




56 


45 31 


00 


84 


05 


00 


X 




57 


45 40 


00 


83 


43 


36 


X 




58 


45 52 


06 


83 


16 


00 


X 




59 


45 46 


00 


83 


01 


42 


X 




60 


45 54 


06 


83 


31 


06 


X 




61 


45 45 


00 


83 


55 


00 


X 




62 


45 40 


30 


84 


11 


12 


X 




63 


45 42 


12 


84 


30 


42 


X 




64 


45 48 


48 


84 


45 


18 


X 




65 


45 50 


42 


84 


34 


00 


X 




66 


45 51 


48 


84 


17 


42 


X 




67 


45 56 


06 


83 


54 


00 


X 




68 


46 02 


30 


83 


51 


12 


X 


X 


69 


46 04 


42 


84 


01 


42 


X 




70 


46 08 


12 


83 


40 


18 


X 


X 


71 


46 14 


00 


83 


44 


48 


X 


X 


72 


46 13 


36 


83 


35 


24 


X 


X 


73 


46 11 


12 


83 


21 


18 


X 




74 


46 08 


54 


83 


12 


04 


X 




75 


46 05 


00 


83 


25 





X 




76 


46 00 


00 


83 


26 


00 


X 




77 


45 58 


12 


83 


11 


54 


X 




78 


46 02 


06 


83 


00 


00 




X 


79 


46 07 


24 


82 


53 


09 




X 


80 


46 00 


00 


82 


51 


21 







X 

X 



X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 



(continued) 



Table 1. Continued. 





Station 


















May 29- 




Number 


Latitude, °N 


Longitude, °1 


» April 13-16 


May 16-21 


June 5 


July 25-30 


81 


46' 


5 04' 


'42" 


82' 


> 44 < 


'36" 






X 


X 


82 


45 


56 


18 


82 


45 


30 




X 


X 




83 


46 


00 


00 


82 


33 


00 




X 


X 




84 


46 


05 


30 


82 


33 


24 




X 


X 




85 


46 


06 


00 


82 


25 


30 




X 


X 




86 


46 


00 


18 


82 


23 


18 






X 


X 


87 


46 


03 


40 


82 


11 


50 




X 


X 




88 


46 


03 


20 


82 


00 


00 




X 


X 




89 


45 


55 


00 


82 


09 


40 




X 


X 




90 


43 


24 


00 


82 


18 


00 


X 








91 


43 


42 


00 


82 


01 


00 


X 








92 


43 


48 


30 


82 


22 


00 


X 








93 


44 


06 


00 


82 


07 


00 


X 








94 


44 


04 


10 


83 


04 


50 


X 








101 


44 


43 


03 


80 


51 


24 


X 






X 


102 


44 


48 


30 


80 


52 


18 


X 






X 


103 


44 


43 


30 


80 


37 


00 


X 






X 


104 


44 


38 


45 


80 


10 


00 


X 






X 


105 


44 


48 


48 


80 


14 


36 


X 






X 


106 


44 


44 


12 


80 


26 


06 


X 






X 


107 


44 


53 


20 


80 


17 


50 


X 






X 


108 


44 


57 


10 


80 


08 


06 


X 






X 


109 


44 


52 


18 


79 


58 


05 








X 


110 


45 


03 


45 


80 


11 


28 


X 






X 


111 


45 


55 


15 


80 


36 


21 


X 






X 


112 


44 


55 


12 


80 


52 


30 


X 






X 


113 


45 


01 


36 


80 


52 


36 


X 






X 


114 


45 


08 


20 


80 


31 


24 


X 






X 


115 


45 


10 


00 


80 


17 


48 


X 


X 






116 


45 


21 


13 


80 


29 


12 


X 






X 


117 


45 


14 


42 


80 


52 


30 


X 






X 


118 


45 


09 


10 


81 


04 


03 


X 






X 


119 


45 


04 


00 


81 


15 


14 


X 






X 


120 


45 


13 


00 


81 


13 


36 


X 






X 



(continued) 



Table 1. Concluded. 



Station May 29- 

Number Latitude, °N Longitude, °W April 13-16 May 16-21 June 5 July 25-30 



x 

X 
X 
X 



121 


45' 


'21' 


54" 


81' 


'11' 


'24" 


X 




122 


45 


28 


50 


80 


50 


15 


X 




123 


45 


33 


35 


80 


36 


38 


X 


X 


124 


45 


40 


44 


80 


50 


20 


X 




125 


45 


46 


40 


80 


45 


15 


X 


X 


126 


45 


50 


00 


80 


54 


00 


X 




127 


45 


52 


00 


81 


00 


00 


X 




128 


45 


42 


12 


81 


05 


24 


X 




129 


45 


35 


00 


81 


05 


00 


X 




130 


45 


32 


30 


81 


22 


00 


X 




131 


45 


14 


18 


81 


26 


24 


X 




132 


45 


16 


12 


81 


35 


00 


X 




133 


45 


22 


13 


81 


35 


06 


X 




134 


45 


27 


10 


81 


43 


46 


X 




135 


45 


31 


39 


81 


40 


10 


X 




136 


45 


42 


30 


81 


37 


12 


X 




137 


45 


43 


00 


81 


22 


30 


X 




138 


45 


53 


00 


81 


06 


30 


X 


X 


139 


45 


52 


24 


81 


15 


30 


X 


X 


140 


45 


51 


52 


81 


32 


08 


X 




141 


45 


56 


00 


81 


31 


04 


X 




142 


45 


54 


46 


81 


35 


42 


X 




143 


45 


49 


52 


81 


47 


19 


X 




144 


45 


58 


20 


81 


41 


55 


X 


X 



X 
X 
X 
X 
X 
X 




o 

00 



bO 

d 

•H 

U 



ctf 





o 



u 
o 






CO 

c 
o 

•H 
4J 

a) 

4-> 
CO 



a) 

bO 

•H 



o 

00 
0> 



3 
>-5 




4J 
<D 

cd 
o 

4J 

cd 
a 

-a 

a 



> 
rH 
O 
CO 
CO 



-P 

o 



O 



T3 
(1) 

a 

CO 

CO 

a 
o 

•H 
CO 



u 



RESULTS AND DISCUSSION 

The complete data sets produced at each laboratory are listed in Appendices 
1 and 2e In Appendix 1, the W code refers to the noise of the baseline as 
determined by the standards, and the T code refers to those results between the 
W value and two standard deviations of the blank. The data could not be blank 
corrected. In Appendix 2, the T code refers to all analyses less than two 
standard deviations of the blanks. All data were blank corrected. In each 
appendix, a -0. represents cases for which no measurement was made. 

During the July collection period, four stations were sampled by each group 
using their method of collection. The collection apparatus used by MAR 
consisted of a sampling bottle connected to a PVC pipe. The PVC pipe had a 
measured mark on it so that a hole drilled in the pipe for collection would be 
I m below the surface. The collection apparatus used by GLRD was a metal free 
sampling device designed and reported by Rossmann (1982). Results of each 
laboratories analysis of its own samples are compared in Table 2. For most 
analyses, the comparisons are favorable. Notable exceptions include station 130 
for silver, station 114 for arsenic, stations 77 and 114 for chromium, stations 
104 and 114 for copper, station 130 for iron, and stations 104 and 114 for 
manganese. 

For each period of collection, the total trace metal data are summarized in 
Tables 3 through 7. The Ag (silver), Co (cobalt), and Cr (chromium) data for 
April 13-16, Cr data for May 16-21, Co and Cr data for May 29- June 5, Ag, Co, 
and Cr data for July 25-30, and Hg and Pb data for July 18-28 are poor for 
predicting trends because from 26 to 85% of the samples had concentrations at or 
below the limit of detection. 



Table 2. Comparison of USEPA (MAR) and GLRD results, 



Element 



Station 


USEPA (MAR) 


77 


0.01W 


104 


0.01W 


114 


0.01W 


130 


0.07 


77 


0.13 


104 


0.10 


114 


0.12 


130 


0.10 


77 


0.26 


104 


0.16 


114 


0.03W 


130 


0.10 


77 


0.67 


104 


1.11 


114 


0.15T 


130 


0.41 


77 


5.03 


104 


4.37 


114 


2.45 


130 


0.59T 


77 


0.82 


104 


0.47 


114 


0.39 


130 


0.62 



GLRD 1 ' 2 



Ag 



As 



Cr 



Cu 



Fe 



Mn 



0.00080W (.0014) 
0.014 (.0026) 
0.011 (.0057) 
0.0034 (.0018) 

0.14 (.018) 
0.14 (.0078) 
0.072 (.016) 
0.12 (.0064) 

0.066 (.0038) 
0.13 (.0046) 
0.12 (.00071) 
0.14 (.0057) 

0.61 (.011) 
0.32 (.017) 
0.47 (.0057) 
0.57 (.027) 

5.3 (0.11) 

5.0 (.12) 

3.1 (.13) 

1.4 (.070) 

0.85 (.043) 
0.85 (.078) 
0.70 (.024) 
0.56 (.032) 



z Mean followed by standard deviation 
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For samples collected during the July cruise, dissolved and particulate 
metal concentrations were measured. The dissolved concentrations are summarized 
in Table 8. The Ag, Cd , Fe, Hg, Pb , and Zn concentrations were very low. They 
were so low that greater than 25% or more of the observations of each were below 
the limit of detection. Predicted trends for these metals are only 
qualitatively useful. 

Particulate metal concentrations are summarized in Table 9. Those elements 
for which greater than 25% of the observations were below the limit of detection 
are As, Se, and V. As for the dissolved metal concentrations, predicted trends 
for these metals are only qualitatively useful. 

Vertical Variation of Total Metals 

During cruise 3 (May 29-June 5), water samples were collected from several 
depths. They were analyzed for total metal concentrations of Ag, Co, Cr, Cu, 
Fe, Mn, and As (Table 10). A total of eight stations were occupied for this 
purpose. Of the eight stations, five were in the early stages of stratifi- 
cation. These were stations 78, 81, 84, 87, and 89. At each, the thermocline 
was at a depth of 6 m or less. At station 78, either the nephloid layer was 
sampled or bottom sediments contaminated the sample. For most stratified 
stations, silver was higher in concentration above the thermocline than below 
it. Cobalt had no consistent vertical trend. In general, chromium was highest 
in concentration in the epilimnion. The copper, iron, manganese, and arsenic 
concentrations were always highest at or above the thermocline. For various 
metals, consistently higher concentrations above the thermocline than below it 
are attributable to inputs to the lake. 
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Table 10. Vertical variation in concentration of trace metals during the period 
of May 29 through June 5 (yg/L). 1 





Station 


Depth (m) 


Ag 


As 


Co 


Cr 


Cu 


Fe 


Mn 


9 


1 


.04 


.30 


.60 


.14 


.55 


25. 


2.2 


9 


30 


.04 


.12 


.58 


.09T 


1.02 


26. 


6.4 


9 


49 


.01W 


.01W 


.15W 


.01W 


.11T 


2.2 


.31 


43 


1 


.02 


.08 


1.3 


.01W 


.41 


6.8 


1.6 


43 


88 


.02 


.17 


1.4 


.13 


1.05 


4.8 


2.4 


43 


66 


.01W 


.16 


.62 


.16 


.31 


.99 


.08 


44 


1 


.02 


.14 


.15W 


.01W 


.15 


4.9 


2.0 


44 


81 


.02 


.17 


1.6 


.11 


.91 


4.6 


2.9 


44 


154 


.04 


.23 


.54 


.03T 


.24 


1.1 


.10 


78 


1 


.01W 


.19 


.49 


.17 


.10W 


29. 


5.9 


78 


12 


.01W 


.19 


.56 


.13 


.17T 


28. 


6.1 


78 


35 


.01W 


.01W 


.15W 


.01W 


.13T 


1.9 


.04W 


78 


43 


.12 


.07 


.49 


.09T 


.10W 


52. 


12. 


81 


1 


.17 


.12 


.15W 


.07T 


1.3 


28. 


5.9 


81 


16 


.15 


.12 


.31T 


.06T 


1.5 


26. 


5.7 


81 


22 


.01W 


.08 


.15W 


.06T 


.29 


1.9 


.15 


84 


1 


.07 


.12 


.26T 


.16 


1.4 


13. 


3.3 


84 


6 


.05 


.11 


.15T 


.09T 


1.4 


18. 


3.3 


84 


13 


.02 


.04 


.15W 


.05 


.19 


2.9 


.28 


87 


1 


.09 


.13 


.15W 


.14 


.69 


8.1 


2.9 


87 


5 


.23 


.19 


.15W 


.15 


1.4 


10. 


2.4 


87 


11 


.07 


.10 


.17T 


.01W 


.10 


5.1 


.33 


89 


1 


.10 


.13 


.15W 


.05T 


.79 


9.6 


1.7 


89 


6 


.02 


.10 


• 15W 


.05T 


.79 


9.6 


1.8 


89 


20 


.04 


.10 


.37 


.08T 


.32 


2.6 


.12 



*W = noise of baseline as determined by a standard curve. 
T = results between the W value and two standard deviations of the blank. 
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Horizontal Variation 



Total metals 



For various geographic regions of the lake , the median concentrations of 
metals have been compared for each of the four cruisers • It should be noted that 
all areas were not sampled on each cruise. During the period of April 13-26, 
silver and manganese concentrations were highest in central and northern Lake 
Huron, chromium concentrations were highest in Georgian Bay, cobalt and iron 
were elevated in southern Lake Huron, copper was elevated in the mouth of 
Saginaw Bay, and arsenic had a relatively low concentration in southern Lake 
Huron (Table 11). Compared to Georgian Bay for the period of May 16-21, the 
North Channel had elevated concentrations of all metals except silver 
(Table 12). During the May 29 to June 5 sampling period, iron and arsenic 
concentrations were relatively high in southern Lake Huron (Table 13). Silver, 
copper, and manganese concentrations were highest in the North Channel 
(Table 13). Two data sets are available for July 1980. The first is CRL data. 
For all metals, concentrations were higher in the North Channel than in Georgian 
Bay (Table 14). This is somewhat similar to the results obtained by Rossmann 
(1982). Except for silver, chromium, lead, and selenium, metal concentrations 
in the North Channel were higher than in Georgian Bay (Table 15). 
Concentrations of silver, aluminum, arsenic, cadmium, chromium, and iron were 
highest in southern Lake Huron (Table 15). The highest concentrations of 
copper, mercury, manganese, nickel, vanadium, and zinc were found in the North 
Channel (Table 15). Georgian Bay had the highest concentrations of lead and 
selenium (Table 15). 
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Table 11. Median total metal concentrations (vig/L) for various regions of 
Lake Huron during April 13-26. 







Southern 


Mouth of 


Central & Northern 


North 


Georgian 


Element 


Lake Huron 


Saginaw Bay 


Lake Huron 


Channel 


Bay 


Ag 


.080 


.19 


.30 


— 


.17 


As 


.29 


.49 


.42 


— 


.49 


Co 


2.1 


1.3 


.50 


— 


1.5 


Cr 


.22 


.21 


.26 


— 


.48 


Cu 


1.1 


1.5 


1.3 


— 


.93 


Fe 


22. 


14. 


11. 


— 


8.7 


Mn 


1.8 


1.6 


2.1 


— 


1.5 
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Table 12. Median total metal concentrations (yg/L) for various regions of 
Lake Huron during May 16-21. 



Mouth of Saginaw Bay and North Georgian 
Central and Northern Lake Huron Channel Bay 





Southern 


Element 


Lake Huron 


Ag 


— 


As 


— 


Co 


— 


Cr 


— 


Cu 


— 


Fe 


— 


Mn 


— 



.090 


.10 


.19 


.12 


5.2 


.86 


.090 


.010 


.84 


.50 


13. 


5.0 


2.2 


1.4 
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Table 13. Median total metal concentrations (yg/L) for various regions of 
Lake Huron during May 29 - June 5. 



Southern 1 Mouth of Central & Northern 2 North Georgian 
Lake Huron Saginaw Bay Lake Huron Channel Bay 



Element 



Ag 


.040 


As 


.30 


Co 


.60 


Cr 


.14 


Cu 


.55 


Fe 


25. 


Mn 


2.2 



.020 


.090 


.11 


.13 


.72 


.26 


.010 


.16 


.28 


1.1 


5.6 


13. 


.28 


2.9 



*one station 

2 two stations in central Lake Huron 
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Table 14. Median total metal concentrations (ug/L) for various regions of 
Lake Huron during July 25-30. 



Mouth of Saginaw Bay and North Georgian 
Central and Northern Lake Huron Channel Bay 





Southern 


Element 


Lake Huron 


Ag 


— 


As 


— 


Co 


— 


Cr 


— 


Cu 


— 


Fe 


— 


Mn 


— 



.020 


.010 


.18 


.12 


1.2 


.46 


1.3 


.090 


1.3 


.40 


7.1 


3.0 


3.0 


.64 
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Table 15. Median total metal concentrations (yg/L) for various regions of 
Lake Huron during July 18-28. 



Element 



Southern Mouth of Saginaw Bay and North Georgian 
Lake Huron Central and Northern Lake Huron Channel Bay 



Ag 


.017 


Al 


12. 


As 


.27 


Cd 


.019 


Cr 


.15 


Cu 


.23 


Fe 


14. 


Hg 


0.0 


Mn 


.73 


Ni 


.33 


Pb 


0.0 


Se 


.41 


V 


.22 


Zn 


.21 



.0089 
8.5 

.27 

.011 

.12 

.38 
2.9 

.013 

.64 

.54 

.020 

.43 

.21 

.29 



.00080 


.0087 


9.6 


7.7 


.16 


.12 


.015 


.0058 


.11 


.12 


.62 


.47 


5.3 


3.1 


.017 


0.0 


.85 


.70 


2.1 


1.0 


.022 


.028 


.41 


.48 


.33 


.16 


.51 


.19 
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Dissolved Metals (<0.5 vim diameter) 

The median concentrations of metals in various regions of the lake are 
tabulated in Table 16. Southern Lake Huron had the highest concentrations of 
aluminum, cadmium, iron, manganese, and lead. Central and northern Lake Huron, 
including the mouth of Saginaw Bay, had the highest concentrations of chromium 
and mercury. The North Channel had the highest concentrations of silver, 
arsenic, copper, nickel, and zinc. Finally, Georgian Bay had the highest 
concentrations of selenium and vanadium. 

Particulate Metals (>0.5 ym diameter) 

The median particulate metal concentrations for various regions of the Lake 
are summarized in Table 17. Aluminum, arsenic, and iron concentrations were 
highest in southern Lake Huron. In the mouth of Saginaw Bay and central and 
northern Lake Huron, concentrations of copper and zinc were highest. Lead was 
equally high in the North Channel and in the mouth of Saginaw Bay and central 
and northern Lake Huron. Other metals having their highest median 
concentrations in the North Channel were chromium, manganese, and nickel. The 
highest silver concentrations were in Georgian Bay and in the North Channel. 
Cadmium and vanadium concentrations were highest in Georgian Bay. At this 
point, it is necessary to comment on the lack of agreement of dissolved plus 
particulate concentrations with total concentration at any one station. This is 
very evident for those metals having a high proportion of their concentration in 
the particulate form. These differences are primarily related to problems 
analyzing total metal samples and are explained in Rossmann (1982). Thus, 
dissolved plus particulate is a better estimate for total metal concentrations. 
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Table 16. Median dissolved (<.5 ym diameter) metal concentrations (yg/L) for 
various regions of Lake Huron during July 18-28. 



Mouth of Saginaw Bay and 
Central and Northern Lake Huron 



.0054 
2.2 

.27 
0.0 

.12 

.38 

.80 

.036 

.26 

.49 

.015 

.58 

.24 

.16 





Southern 


.ement 


Lake Huron 


Ag 


.0054 


Al 


4.0 


As 


.23 


Cd 


.0033 


Cr 


.070 


Cu 


.094 


Fe 


2.7 


Hg 


0.0 


Mn 


.30 


Ni 


.49 


Pb 


.023 


Se 


.41 


V 


.12 


Zn 


.085 



Wl 



North 


Georgian 


Channel 


Bay 


.011 


.0058 


3.1 


3.0 


.36 


.12 


0.0 


0.0 


.10 


.092 


.50 


.30 


.38 


.10 


0.0 


0.0 


.21 


.20 


.98 


.66 


0.0 


0.0 


.37 


.77 


.22 


.30 


.27 


.13 
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Table 17. Median particulate (>.5 pm diameter) metal concentrations (yg/L) 
for various regions of Lake Huron during July 18-28. * 



Southern Mouth of Saginaw Bay and North Georgian 
Lake Huron Central and Northern Lake Huron Channel Bay 



Element 



Ag 


.0010 


Al 


49. 


As 


.0097 


Cd 


.0016 


Cr 


.0079 


Cu 


.038 


Fe 


15. 


Mn 


.45 


Ni 


.00070 


Pb 


.018 


Se 


__ 2 


V 


.017 


Zn 


.13 



.00093 

15. 

.0066 

.012 

.020 

.26 

4.7 

.35 

.027 

.042 
__. 2 

.010 
.49 



.017 


.017 


4. 


5.6 


.0026 


.0082 


.0070 


.014 


.023 


.015 


.16 


.12 


7.4 


2.2 


1.0 


.59 


.058 


.042 


.042 


.031 


__ 2 


__ 2 


.014 


.023 


.17 


.18 



Ipg/L 

^undetectable in all samples. 
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Time Variation of Total Metals 

Total metals samples were collected from various regions of Lake Huron 
between April and July. Not enough stations were occupied for one of the time 
periods for southern (Table 18) and central and northern (Table 19) Lake Huron 
to allow any conclusions on seasonal changes to be made* Likewise, sampling 
occurred in the month of Saginaw Bay only in April (Table 20). However, 
sampling occurred in Georgian Bay (Table 21) and the North Channel (Table 22) at 
three different times. This permits conclusions on seasonal changes of metals 
in 1980 to be made. 

In Georgian Bay, all metals were highest in April (Table 21). Metals which 
continuously decreased between April and July were silver, cobalt, copper, iron, 
and manganese. In the North Channel, arsenic and cobalt were highest in mid-May 
(Table 22). Silver, chromium, and iron were lowest in July. In general, 
highest total metal concentrations occurred in April and May for most metals. 
This may be associated with the spring melt and runoff. 

United States ^. Canada Water Quality Agreement of 1978 Objectives 

A product of the 1978 Water Quality Agreement between the United States and 

Canada are a set of pending and established objectives for the concentration of 

various metals in Great Lakes waters (International Joint Commission 1976). 

These are summarized in Table 23 along with the occurrences of 1980 metal 

concentrations exceeding the objectives. Only the objective for mercury was 

exceeded. Because it was exceeded on only two occasions and because the mercury 

analysis required pre-concentration by freeze-drying during which samples were 

intermittently contaminated, this must not be considered alarming (Rossmann 

1982). 
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Table 18. Southern Lake Huron median total metal concentrations (yg/L) 
in water. 





Element 


April 13- 


-26 


May 


16- 


-21 


May 


29-June 


5l 


July 25-30 


Ag 


.080 






— 






.040 




— 


As 


.29 












.30 




— 


Co 


2.1 






— 






.60 




— 


Cr 


.22 






— 






.14 




— 


Cu 


1.1 












.55 




— 


Fe 


22. 






— 






25. 




— 


Mn 


1.8 






— 






2.2 




— 



1 



one station 
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Table 19. Central and northern Lake Huron median total metal concentrations 
(yg/L) in water. 





Element 


April 13- 


-26 


May 


16- 


-21 


May 


2 9- June 


5* 


July 25-30 


Ag 


.30 






— 






.020 




— 


As 


.42 






— 






.11 




— 


Co 


.50 






— 






.72 




— 


Cr 


.26 






— 






.010 




— 


Cu 


1.3 






— 






.28 




— 


Fe 


11. 






— 






5.6 




— 


Mn 


2.1 






— 






.28 




— 



*two stations in central Lake Huron 
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Table 20. Mouth of Saginaw Bay Lake Huron median total metal concentrations 
(yg/L) in water. 



Element April 13-26 May 16-21 May 29-June 5 July 25-30 



Ag 


.19 


As 


.49 


Co 


1.3 


Cr 


.21 


Cu 


1.5 


Fe 


14. 


Mn 


1.6 
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Table 21. Georgian Bay median total metal concentrations (yg/L) in water. 



Element April 13-26 May 16-21 May 29-June 5 July 25-30 

Ag .17 .10 — .010 

As .49 .12 — .12 

Co 1.5 .86 — .46 

Cr .48 .010 — .090 

Cu .93 .50 — .40 

Fe 8.7 5.0 — 3.0 

Mn 1.5 1.4 — .64 
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Table 22. North Channel median total metal concentrations (yg/L) in water. 





Element 


April 13-26 


May 16-21 


May 


2 9- June 5 


July 25-30 


Ag 


— 


.090 




.090 


.020 


As 


— 


.19 




.13 


.18 


Co 


— 


5.2 




.26 


1.2 


Cr 


— 


.090 




.16 


.050 


Cu 


— 


.84 




1.1 


1.3 


Fe 


— 


13. 




13. 


7.1 


Mn 


— 


2.2 




2.9 


3.0 
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Table 23. Occurrence of 1980 metal concentrations in Lake Huron equalling or 
exceeding Water Quality Agreement Objectives. 



Water Quality 1 Number Occurrences of Concentrations 

Element Agreement Objectives of Cases Greater than Objectives 

As 50. 223 

Cd 0.2 23 

Cr 50. 223 

Cu 5. 220 

Fe 300. 219 

Hg 2 0.2 23 2 

Ni 25. 23 

Pb 20. 23 

Se 10. 23 

Zn 30. 21 

Jyg/L 

2 Total mercury in filtered lake water 
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Trends in Trace Metal Concentrations 

Historical trace metal data are of two types, total concentration and 
filtered concentration. Within these data, a common operational distinction 
between dissolved and particulate is a particle diameter of 0.45 ym. Anything 
passing through a 0.45 ym pore size filter is considered soluble. 

The bulk of historical data which exist for Lake Huron is contained in 
STORET, primarily Canada Centre for Inland Waters and State of Michigan data, 
and is reported, in part, in the International Joint Commission 1977 report "The 
Waters of Lake Huron and Lake Superior", Volume II, Parts A and B. In these 
volumes, tributary inputs are generally expressed as total metal concentrations. 
For the open lake, the data are a combination of total and filtered water 
concentrations. The Georgian Bay and North Channel 1974 data have been reported 
by Warry ( 1978a, b). The open lake data for 1980 are compared to the historical 
data in the following discussion. 

Historical trace metal data for Lake Huron are available for the years 
1965, 1968, 1970, 1971, 1974, 1975, 1976, 1977, and 1978. The data for all 
years excluding 1968 and 1975 are contained in STORET. Historical data must be 
used with caution for predicting trends. At the time of their generation, they 
may or may not have represented the best information available for the 
analytical state of the art. Instrumentation and methodology have improved 
considerably in the last ten years, especially the last five years. The need 
for caution is evident in many of the tables which follow. In many instances, 
dissolved metal concentrations are higher than total metal concentrations, 
suggesting a contamination of the dissolved metal samples during filtration. 
Many of the historical elemental concentrations are apparently at the limit of 
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detection; however, there is no indication of this in listings of the data. 
In many instances, concentrations for some metals are all the same, suggesting 
that the reported concentration is a limit of detection. When this is the case, 
it is indicated as such in the text which follows. 

Aluminum 

Historical total and dissolved aluminum data exist only for 1974 
(Table 24). These data are of limited usefulness as they are at or near the 
limit of detection. Because of the nature of the historical data, little can be 
said about long-term trends. 

Arsenic 

Total arsenic data exist for 1974 and 1975 (Table 25). Some of the 1974 
data were obtained under circumstances of a rather high limit of detection 
(1.0 yg/L). The 1980 mean and median concentrations are 2 to 3 times lower than 
those for 1974 and 1975. A combination of high limits of detection for 1974 and 
the location of collection for the 1975 samples make discerning a trend 
impossible. 

Dissolved arsenic data exist for 1974 (Table 25). The data suggest arsenic 
concentrations may be decreasing. However, two points do not establish a trend. 

Cadmium 

Historical information for total cadmium is available for 1974 and 1976 
(Table 26). The order or more of magnitude higher median concentration for 1974 
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data relative to the 1980 data leads to the conclusion that the 1974 data, which 
are at their limit of detection are of limited usefulness for predicting trends. 
The 1980 median concentration is 25% lower than that of 1976. Again, two points 
in time can not be used to established a trend. 

Dissolved cadmium data are available for 1965, 1970, 1974, and 1976 
(Table 26). The historical data for 1965, 1970, 1971, and 1974 appear to be at 
or near the limit of detection. The 1980 median concentration is considerably 
lower than that of 1976; however, a trend can not be predicted for only two 
points in time. 

Cobalt 

Historical data for total cobalt are available only for 1974 (Table 27). 
The 1974 data are at or near the limt of detection. The 1980 median concentra- 
tion is more than four times that of 1974. Dissolved cobalt concentrations were 
not measured in 1980. However, the historical data are provided for the 
reader's information. 

Chromium 

Total chromium concentrations are available for 1968, 1970, and 1974 
(Table 28). The 1970 and 1974 data are at or near the limit of detection. This 
makes the prediction of trends impossible. 

Dissolved chromium data are available for 1965, 1968, 1970, 1971, and 1974 
(Table 28). The 1965, 1971, and 1974 data are at or near the limit of 
detection. The 1970 data contain only one datum point, and the 1968 data are a 
mixture of total and dissolved results. Trend prediction is impossible. 
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Copper 

Total copper data exist for 1968, 1970, 1974, 1975, 1977, and 1978 
(Table 29). The 1974 median of 1.0 represents a concentration obtained by 
discarding results which were quite high and most likely represented sample 
contamination. Based on 1980 CRL results, copper concentration appears to have 
been stable since 1974. Based on GLRD results, the copper concentration is 
decreasing. The difference in results may be due to the different collection 
times involved. Copper concentrations may be extremely seasonal (GLRD samples 
collected only in July) . 

Dissolved copper historical concentrations are available for 1965, 1968, 
1970, 1971, 1974, 1976, 1977, and 1978 (Table 29). Results representing obvious 
contamination were discarded. The data of 1965, 1971, 1974, 1977, and 1978 are 
of limited usefulness for predicting trends because some of the results were at 
or near the limit of detection. With the data available, it appears that 
dissolved copper concentrations may be decreasing. 

Iron 

Total iron data exist for the years 1965, 1968, 1970, 1974, and 1975 
(Table 30). For the years 1970 and 1974, obviously high results (contamination 
of samples) were discarded. Since 1965 and using 1980 GLRD results, the trend 
in total Fe concentration is downward. If CRL results are used, Fe may have a 
slight downward trend. 

Dissolved iron data exist for the years 1970, 1971, 1974, and 1976 
(Table 30). The data for all these years except 1971 may be at or near the 
limit of detection. As for total iron, dissolved iron concentrations appear to 



43 



bO 



CO 

C 
o 



0) 

u 

c 
o 
o 

CD 

a 

Pu 

o 

u 

u 

Q) 
U 
CO 
& 

a 
o 

£ 

CO 

M 
co 



CO 

a 

•H 

o 

CO 
•H 

o 



o 

00 
Ch 



o 



& 
i 



as 

CN 



CO 
H 



C 
CO 
•H 



CD 




> 




iH 




O 




CO 


« 


CO 


> 


•H 


CO 


Q 


Q 



-a 

CO 



CO 



CO 



CO 

4J 

o 



> 



CO 



CO 



CO 
CD 



I 



oo 
o o CM 



m oo 
v 



ON 

CO 

i^ r^ co oo o 

CO CO CN rH cm 



o 

o 



v 



cm m r^ 
• • • 

en cm h 



• • • 

CO CO CM 



CO -H 



oo en en h 

r-H CO CM CM 



vO O CN 

cm oo m h 



00 CM O 

r>. oo r^ co 



O 
O O <fr 



CO Sf *-H 



CO 

1 




vO 


r^ cm 


vO O 


^J- CO t-4 —< 


co *-* 


ON f-H 


<f CM CM CM 



ON 



CO 00 



O CO 00 

co co -h r^ 



-H CM O H 



00 



«<fr vO 



m cm 

CO 1^ ^ H 



CM »-h »-H 






CM 



lOOOOH^iOvONOOOO 
vO^ON^lNl^fNNhsQOcO 
CTNCTNCTvC/SCTnONCJsO^O^O^CJN 



CO 




M 




o 




X 




4-» 




3 




CO 




CO 




& 




U 




>> 




X 




u 




CD 




.X3 




u 




CO 




bO 




o 




4-» 




T) 




CD 




bO 




CO 




M 




co 




> 




CO 




CO 




u 




CO 




& 




CO 




■P 




iH 




3 




CO 




CD 




U 




T3 




a> 




> 




tH 




o 


• 


CO 


/-s 


CO 


00 


•H 


r^ 


T3 


ON 




i-H 


T3 


s-/ 


C 




CO 


• 




«H 


rH 


CO 


CO 




•P 


*J 


O 


CD 


■P 






•H 


• •s 


•* 


/-\ 


CO 


ON 


o 


vO 


X> 


ON 


tH 


f-H 


O 


N-X 


P-, 


CO 


• #* 


iH 


CO 


£ 


M 


a 


CU 


CJ 


CO 




& 


T3 




e 


CU 


CO 


p. 




o 


M 


JC 


CD 


CO 


tH 


u 


•H 


CO 


0) 


0) 


& 


523 


■h CM 



44 



bO 



CO 

C 
o 

•H 
•U 
CO 
U 
U 

a 

CD 

o 

G 
O 

o 

e 
o 
J-( 

•H 

U 
CD 
4J 
CO 

o 
M 

Q) 
J* 

CO 
►J 



CO 

a 

M 

O 



o 

00 
ON 



C 

o 

CO 



8 



o 

CO 



CO 
H 



13 
CO 
•H 

1 



01 




> 




o 




CO 


• 


CO 


> 


•H 


0) 


o 


Q 




• 




T3 




4J 




CO 



c 

CO 
CU 
X 



CO 

O 

H > 

CU 



"0 
+J 
CO 



CO 

CU 



CO 
CU 



00 CM 

I I 



o 
lo oo 



CM ON 




CO 00 -H 


00 CO 


CS H H 


-H CM 



<■ r^ vo cr» m 
• • • • • 

00 CM CM •-» CM 



CO CM r^ 
• • • 

vO CO CM 



o r^ 

CM -H 



c 


LO 


ON 




CO 


t— » 


*-H 




•H 


1 


1 


00 


TJ 


• • • 


• 


• • 


ii 


O CM CM 


CM 


^- o 


S 


ONH 




«-H 



ON 

CO 

I 

to r^ cm 

^H CO »-H 
CM 



vO 
CM 



cm 



<fr o 
ON *-* 



vo m 



oo 
oo 

CM 



CM 



-H 00 

CM r-H 



co CO 

CM -H 

CM 



CM VO 



v£> CM 
CO 



vD ON 






^h CM CO 

mooo'-H^rLOvooo 

vovOrs^rNNr^coco 

ONONonONONONOnONOn 







00 




• 


r^ 




"O 


ON 




01 


i— I 




T3 


N^/ 




3 






iH 


• 




a 


iH 




X 


CO 




CU 


4J 




.J 


CU 




bO iH 


• 


^L 


^ 


/-v 




CO 


ON 


o 


o 


vO 


uo 


T3 


ON 




H 


t-H 


0) 


O 


%»• 


> 

o 


tU 


CO 


^3 


• * 


H 


CO 


CO 


55 




M 


CO 


CO 


CU 


-c: 


a 


4-1 


u 


o 


CO 




•H 


& 


"3 


4-J 




c 


CO 


CU 


CO 


u 


M 




u 


O 


M 





,C 


a; 


0) 


CO 


rH 


CJ 


u 


•H 


a 


CO 


cu 


o 


CU 


E* 


CJ 


55 



(M 00 



45 



be decreasing since 1971. Because many of the data were at the limit of 
detection, the observed trend may be an artifact of improved detection limits. 

Lead 

Total lead data are available for 1968, 1970, 1974, 1975, 1977, and 1978 
(Table 31). The 1977 and 1978 data are at or near the limit of detection. The 
trend in total lead concentration appears to be downward. The data of 1974 and 
earlier are suspiciously high. 

Dissolved lead information exists for 1965, 1968, 1970, 1971, 1976, 1977, 
and 1978 (Table 31). The 1977 and 1978 data are at or near the limit of 
detection. All pre-1977 data are suspiciously high. The trend in dissolved 
lead concentration appears to be downward. 

Manganese 

Historical total manganese data exist for 1968, 1970, 1974, and 1975. The 
1968 and 1970 data are at or near the limit of detection (Table 32). The trend 
of these data is oscillatory. 

Dissolved manganese data are available for 1968, 1970, 1971, and 1974 
(Table 32). The 1968, 1970, and 1971 data are at or near the limit of 
detection. The concentration of dissolved manganese has been stable since at 
least 1974. 
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Mercury 

Historical total mercury data are available for 1970 and 1974 (Table 33). 
The 1970 data appear to be at the limit of detection. Both the 1974 and 1980 
data are at or near the limit of detection. The trend of decreasing concen- 
tration from 1970 through 1980 is a trend of improved detection limits. 

Historical dissolved mercury concentrations are available for the years 
1970, 1971, and 1974 (Table 33). All these data and those of 1980 are of 
limited usefulness because they are at or near the limit of detection. Again, 
the downward trend is one of improved technique. 

Nickel 

Total nickel data exist for the years 1968, 1970, and 1974 (Table 34). The 
1970 and 1974 data are at or near the limit of detection. The trend of total 
nickel may be downward. 

Dissolved nickel concentrations are available for 1965, 1968, 1970, 1971, 
1974, and 1976 (Table 34). The 1970, 1974, and 1976 data are at or near the 
limit of detection. The dissolved nickel trend, like that of total nickel, may 
be downward. 

Selenium 

For both dissolved and total selenium, historical data exist for only 1974 
(Table 35). The 1974 total selenium data are at or near the limit of detection. 
No total metal concentration trend can be established. The dissolved selenium 
trend appears to be upward. However, this is most likely an artifact of 
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methodology. By the 1974 method, the reduction of selenate to selenite, the 
form of selenium measured by the hydride method, may have been incomplete. The 
method used in 1980 was similar to that of 1974. However, the reduction of 
selenate to selenite was more vigorous. Thus, all the selenate was reduced 
instead of a fractional amount. 

Vanadium 

Only total metal historical data exist for vanadium (Table 36). The trend 
in total vanadium concentration since 1971 appears to be upward. However, two 
points do not establish a true trend. 

Zinc 

Total zinc data are available for 1968, 1970, 1974, 1976, 1977, and 1978 
(Table 37). The trend in zinc concentration since 1968 appears to be downward. 
The concentration has changed little since 1977. 

Historical dissolved zinc data exist for 1965, 1968, 1970, 1971, 1974, 
1976, 1977, and 1978 (Table 37). A fair proportion of the 1977 and 1978 data 
are at or near the limit of detection. The trend in zinc concentration appears 
to be downward. However, it is quite likely that the older numbers represent 
sample contamination. 
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SUMMARY 

Total silver concentrations were higher in the epilimnion than the hypolim- 
nion. Total cobalt concentrations exhibited no consistent vertical trend. In 
general, chromium concentrations were highest in the epilimnion. Total copper, 
manganese, iron, and arsenic were always highest at or above the thermocline. 
Metals consistently higher in concentration above the thermocline than below it 
are most likely high as a result of input to the lake. The horizontal variation 
of total metal concentrations from month to month were quite variable. Iron was 
always highest in southern Lake Huron and copper and manganese were highest in 
the North Channel for a limited number of observations (2 out of 3). 

Total metals exhibited some variation with time. Silver, arsenic, cobalt, 
chromium, copper, iron, and manganese were highest in April 1980 in Georgian 
Bay. Metals showing a continuous decrease between April and July in Georgian 
bay include silver, cobalt, copper, iron, and manganese. In the North Channel, 
arsenic and cobalt were highest in mid -May. Silver, chromium, and iron were 
lowest in July. In general, highest total metal concentrations occurred in 
April and May for most metals. This may be associated with the spring melt and 
runoff. 

The 1978 Water Quality Agreement objective for mercury was exceeded twice 
during 1980. This was most likely a result of sample contamination. 

Because of the quality of historical data, predicting trace metal trends is 
difficult. Improvements in instrumentation and methodology has lowered 
detection limits and the amount of sample contamination. Thus, metals which 
appear to be decreasing in concentration may appear so only because of the 
advancement of the science. The following trends are to be considered only 
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tentative. A number of metals appear to be decreasing in concentration 
(Table 38). These include dissolved arsenic, total cadmium, dissolved cadmium, 
dissolved copper, total lead, dissolved lead, total nickel, dissolved nickel, 
total zinc, and dissolved zinc (Table 38). Total cobalt and total vanadium 
concentrations appear to have increased (Table 38). 

TRACE METALS IN LAKE HURON SEDIMENTS FOR DESCRIBING TRACE METAL TRENDS 

Trace metal concentrations can be useful for documenting long-term trends. 
Unlike water data, reliable results are available which pre-date the settlement 
of the Lake Huron basin. The results are derived from the analysis of sediment 
cores which are dated using Pb-210. For Lake Huron, Robbins (1980) collected 
and analyzed numerous cores. These cores extended deep enough to sample pre- 
settlement sediments. By comparing recent surficial sediment concentrations to 
pre-settlement concentrations, he calculated enrichment factors for numerous 
metals. He found manganese, cadmium, copper, lead, nickel, and zinc to be 
consistently enriched in surficial sediments. Elements for which only a few 
cores were analyzed showed surficial enrichment of antimony, tin, and mercury. 
Elements which only occasionally showed surficial enrichment include iron, 
arsenic, chromium, barium, and molybdenum. 

Similar work by Kemp and Thomas (1976) comparing pre-colonial and recent 
sediments showed mercury to be very slightly enriched and lead, zinc, cadmium, 
and copper to be enriched . 

The background concentrations used by Kemp and Thomas (1976) and Robbins 
(1980) are summarized in Table 39. Included within the table are metal 
concentrations for the basins of Lake Huron where sediments are accumulating 



57 



Table 38. Summary of probable metal trends in Lake Huron water. 



Trend Not Discernible 

Metal Increase Decrease None From Data 



Al 

As x 

Cd x 

Co x 

Cr 

Cu x 

Fe x 

Hg 

Pb x 

Mn 

Ni x 

Se 

V x 

Zn x 
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(Konasewich, et_ al . 1978). Comparison of data sets leads to the conclusion that 
cobalt, chromium, copper, mercury, nickel, lead, and zinc are accumulating in 
recent sediments at concentrations above historical levels • Because the metals 
Co, Mn, Cd, Cu, Pb, Ni, Zn, Fe, As, Cr, Sb, Sn, Hg, Ba, and Mo are enriched in 
recent sediments and because contaminants get to the sediments by transport 
through the water column, total metal concentrations in water for these elements 
may be elevated over historical concentrations. 
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